The optic nerves are well demonstrated by high-resolution computed tomography . Involvement of the optic nerve by optic gliomas and optic nerve sheath meningiomas is well known . However, nonneoplastic processes such as increased intracranial pressure, optic neuritis, Grave ophthalmopathy, and orbital pseudotumor may also alter the appearance of the optic nerve / sheath on computed tomography. Certain clinical and computed tomographic features permit distinction of these nonneoplastic tumefactions from tumors.
Norm al Anatomy
Th e anatomic co urse of th e opti c nerve is obliqu e posteri orl y, superi orl y, and med iall y from its retin al in serti on to its exit from th e orbit throu g h th e opti c ca nal. Occas ionall y, th e nerve d escrib es a gentle curve, but it is usuall y quite straight in th e ax ial pl ane (fi g. 1 A). Often, due to its course through th e orbit , th e nerve will appear seg mentall y on several axial section s, espec ially with very thin sli ces [1] . Gaze position may alter th e appearance of the opti c nerve. An ax ial scan pl ane angled 20 0 below th e orbitomeatalline with th e eyes in up-gaze position may permit visualizin g th e opti c nerve in a sin gle 5 mm section [2] . The optic nerve is normally homogeneous in size and densit y throughout its co urse and is about 4 .5 mm wid e [1] . Our own measurements of 100 norm al opti c nerves co nfirm thi s fi gure for axial sc an s , but indicate a slightly larg er (5 mm) diameter in th e co ronal view (Peyster RG, unpublished d ata). In co ronal sec ti ons obt ain ed perpendic ul ar to the orb itomeatal line, th e nerve ca n be seen in serting on th e globe medi all y and sli g htl y above th e posteri or pole as a round area of high density. Posteri orly , th e opti c nerve has a more oval appearance due to its oblique course in th e posteri or orb it (fi g. 1 B) . 
Lesions of the Op tic Nerve / Shea th
Both neoplasti c and nonneoplasti c conditions may cause abnormalities of th e optic nerve / sheath detec tabl e by CT. Most of these co nditions are detected becau se of enl argement of the optic nerve / shea th and are li sted in table 1 .
Tumors of the Optic Nerve / Sheath

Optic Nerve Glioma
Optic nerve g li om a is a rare tumor predom in antly occurring in children. Eighty percent occur within the first decade [2] . Th ere is a strong association between optic nerve gliom as and neurofibrom ato sis, in which bilateral tumors may be found [3 , 4] . Clinicall y, g li omas are difficult to di stingui sh from other orbital tumors, with the patient's age being on e of th e most important factors in di agnosis. Vi sual loss, often insidious , is the first symptom to develop, followed by proptosis , which usually develops rapidly . On examin ati on, opti c atrophy and a Marcus-Gunn pupillary reacti on with varying visu al field cuts are observed [2] . Optic gliomas grow very slowly and do not metastasize [4] .
Th e CT appearance of optic nerve gliomas is variable. Fu siform enl arg ement of th e optic nerve silhouette is most often see n with small er lesions, but larger masses may be eccentri c or multi lobul ated [ 2] . The baseline density of small er lesions is about the same as the normal optic nerve, but large r masses may present higher density values, probably due to elimination of partial volume averaging of orbital fat [2] . Enhancement after intravenous contrast administration varies from imperceptible to moderate, but is generally less intense than in meningiomas [2, 4, 5] . Calcifications are seen occasional ly [4] . Most importantly, the optic nerve cannot be seen separate ly from the mass (fig s. 2A and 2B) [4] . CT is especiall y valuable in demonstrating intracranial extension of orbital gliomas [4] [5] [6] . Enlargement of the optic canal is often demonstrable on CT ( fig . 2C ), obviating conventional tomography . Metrizamide cisternography may aid in detectin g subtle invo lvement of the intracranial optic nerve, chiasm, and optic tracts (figs. 20-2F). Our personal experience with intraorbital optic nerve gliomas is limited to the one case illustrated in figure 2, which was typical in all respects .
Optic Nerve Sheath Meningioma
Meningiomas primarily in the optic nerve sheath are even rarer than gliomas [3] . They are seen most often in middleaged women [7] ; in ch ildren, they are more common than intracranial meningiomas [3] . Bilateral optic nerve sheath meningiomas are rarely encountered, most often in association with neurofibromatosis [8, 9] . Clinically, the predominant early feature is visual loss. Proptosis occurs later and is usually mild. Physical examination reveals an abnormal optic disk, which may be swollen or atrophic, visual field c uts, often a central scotoma, and restriction of eye movement [2] . These tumors tend to recur after surgery and to extend intracranially.
Our experience with nine cases of optic nerve sheath meningioma is the basis for much of the following description of chracteristic CT findings. The figures in parentheses refer to the number of our cases in which the various findings were present.
Segmental (1 / 9) or diffuse (8 / 9) thickening of the optic nerve sheath is the usual appearance of these tumors on CT . The enl argement may be fusiform (2 / 9) ( fig. 3 ), but uniform (6 / 9) thickening of the sheath is more common (fig.  4 ) . High-resolution scanning often allows visualization of the normal optic nerve running through the tumor, giving rise to the " tram-track " appearance (8 / 9) of the low-density nerve surrounded by the higher density tumor on axial views (figs. 3 and 5). The corresponding finding in coronal views is a " donut " (7 / 9) configuration , with a ring of high density around the nerve ( fig. 3B ). Very thin sections (e.g. , 1 .5 mm) may be necessary to elicit tram-tracking (fig. 5); this finding distin guishes meningioma from glioma [10] . Calcification 
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(0 / 9) is uncommon but is more frequent than in gliomas, and may produce a CT appearan ce of a sleeve like case around the nerve [2] . Optic nerve sheath meningiomas enhance with contrast (9 / 9) , although less intensely than A B see n (1 / 9). Intrac ranial extension of tumor (2/9 ) is best evaluated with contrast material ( fig. 6 ). Fine-need le biopsy of optic nerv e meningiomas, as well as g li omas, has been performed under CT g ui dance [11] .
Other Tumors
Neuromas of the optic nerve sheath are rare lesion s that are often assoc iated with neurofib romato sis [2 , 5] . Isolated case reports of hemangioblastoma [1 2] and metastasis and leukem ia [13] produc ing opti c nerve enl argement on CT have also been reported.
Nonneoplastic Involvement of th e Optic Nerve Sheath
Increased Intracranial Pressure
Bil ate ral enlargement of the optic nerve / sheath has been noted in pati ents with in c reased intracrani al press ure and papi ll edema [14] [15] [16] . Th e optic nerve sheath contain s all men ingeal laye rs, and the intracran ial subarach noid space is continuou s with th at of the nerve sheath. Dilatation of thi s space wou ld render the same appearance on CT as enl argement of the optic nerve itself. It is postul ated that increased intracran ial pressure is transmitted to the subarac hno id space with in the optic nerve sheath caus in g thi s space to enlarge [14] [15] [16] . Metrizamide has been noted to enter the optic nerve sheath du rin g c isternography [15, 16] . Thi s method co ul d be used to confirm dilatation of th e sheath's suba rac hnoid space in these cases.
We encountered en larged optic nerve silhouettes in three patients with c hronic pseudotum or cerebri ( fig. 7) , but have not see n this with papilledema secondary to hydrocephalus and brain tumors. Since we make CT sections through the orbits on ly in c identally in patients with evid ence of increased intracranial pressure, we have no idea of the relative freq uency of thi s finding.
Optic Neuritis
Optic neuritis is an ac ute infl am mation of the optic nerv e . Whi le it may be associated w ith other infl am matory diseases , it is usually idiopath ic, and is often a manifestation of multiple sclerosis [17] . Enl arg ement and co ntrast enh ancement of the optic nerve can occasionally be seen secondary to edema and in c reased vascular permeability [18] (fig . 8) . Th ese c hang es are reversible as th e neuritis subsides with steroid therapy. Although we have examin ed about 10 pati ents with th e c lini cal diagnosis of optic neuritis, we have seen definite abno rm aliti es on CT in only two.
Graves Disease
Enlargement of the intrao rbital structures in Graves disease occu rs primarily in th e c hronic ph ases and is mainly due to an in c rease in mu copolysaccharid es, collagen, and g lycoproteins, and to water binding by these substances [1 9] . Optic nerve /sheath enl arg ement may be see n but occurs only during th e ad vanced stages wh en marked musc le enl argement is readily id entified by CT [5 , 20] (fig. 9) . Thi s finding was seen in fi ve of 25 cases of orbital Graves disease reviewed for this article , always in association with seve re muscle enlarg ement.
Orbital Pseudo tumor
Orbital pseudotumor is an idiopathic disease that may involve any of the intraorbital structures. Pathologi cally, a 
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A nonspecific inflammatory infiltrate is seen [19] . Enlargement and contrast enhancement of the optic nerve / sheath may occur in orbital pseudotumor, usually in association with other abnormaliti es, which suggest the proper diagnosis [20, 2 1] (fig. 10 ). When the optic nerve / sheath alone is involved, it is not possible to distinguish pseudotumor from optic gli oma or meningioma by CT scan (fig. 11) .
Review of the CT scans of 1 7 patients with orbital pseudotumor (three with bilateral disease) showed definite optic nerve involvement in four of 20 orb its and equivocal in vo lvement in five others. In only the case illustrated ( fig . 11 ) was an abnormal optic nerve seen as an isolated finding . Tramtracking was also seen in one instance ( fig. 10 ).
Other Causes of Optic Nerve/ Sheath Enlargement
Toxoplasmosis , tuberculosis, sarcoidosis [13] , ce ntral retinal vein occlusion, and traum atic hematoma [16] (fig . 12 ) have been reported to cause opti c nerve / sheath enlargement on CT scan . 
Optic Nerve Drusen
Drusen, or hyaline bodi es, are congenital and of unkn own origin. Their presence within the opti c nerv e head may produ ce " pseudopapill edema" espec ially in c hild ren [22] . Th ey often calcify, and can be easily recognized on CT as punctate high densiti es at th e junc ti on of th e o pti c nerve and gl obe [2 1 , 23] (fig . 13 ).
Discussion
High-resoluti on multi pl ane CT scannin g can provid e exqui site detail ed images of the opti c nerv e permitting earli er dete cti on of opti c nerve les ion s and g reater di scrimin ati on betwee n vari ous abno rmaliti es. Whil e enl arge ment of th e optic nerve/s heath by optic gli oma and me ning ioma has bee n emphasized in th e lite rature, it is import ant to recognize th at nonn eopl asti c processes may produ ce a simil ar or id enti cal CT appea rance. Tram-trackin g, in pa rtic ul ar, w hil e hi ghl y suggestive of menin g ioma is not path og nomonic. Du e consid eration of th e assoc iated abnormalities and clinical data will lead to th e correct diagnosis in most cases.
